Background: At child health visits, immunizations that are due are frequently not given. Increased parent understanding of and demand for immunizations may influence providers to not miss these opportunities.
trols and 129 CM group children. For these children, 1092 visits were documented where immunizations were due. Missed opportunities to vaccinate occurred at more than 50% of visits. Case management was associated with a modest reduction in the percentage of visits with missed opportunities in the bivariate analysis but not after adjustment for other covariates. In a logistic regression model, missed opportunities were more frequent at visits with private than public physicians and at acute illness than wellchild visits. Missed opportunities were less frequent among children with a history of at least 1 cancelled appointment, and for visits of children with mothers who smoked.
Conclusions:
Missed opportunities were minimally influenced by a home visitation and parent education program. They are primarily determined by issues under the control of the provider. Family-and child-related characteristics, however, do influence the likelihood of a missed opportunity occurring independent of provider factors.
Arch Pediatr Adolesc Med. 1998; 152:238-243 I MMUNIZATION RATES for certain groups of preschool children remain below the national target of 90% up to date by 2 years of age. 1 A number of studies have documented that, during almost half of child health visits, immunizations are due but not given. These missed opportunities to vaccinate (MOs) significantly contribute to the problem of underimmunization of young children. [2] [3] [4] [5] [6] [7] Studies have associated MOs with provider knowledge of the appropriate contraindications to immunization and the immunization schedule. [8] [9] [10] [11] A number of studies have shown that a provider's compliance with preventive health screenings can be improved through interventions to educate and empower patients. [12] [13] [14] Similarly, it has been demonstrated that parental perception of and demand for immunizations can influence the child's receipt of immunizations. [15] [16] [17] [18] Misconceptions held by both professionals and lay people (eg, that immunizations are dangerous or ineffective when given to a mildly ill child) inhibit the delivery of immunizations. In a previous study, we found that the majority of African American mothers believed that it was unsafe to give immunizations to a mildly ill child. 19, 20 More accurate parental knowledge of immunization safety, effectiveness, and timing may increase demand for timely immunizations.
Home visitation has been shown to be effective at providing parents with ac-curate information and supporting them in their effort to seek health services. [21] [22] [23] In a previous article, we showed that case management (CM) intervention was effective at raising immunization levels among inner-city, African American infants. 24 We hypothesized that a CM program could increase parental demand for immunizations during child health visits, thereby reducing MOs. In this article, we focus our analysis on the effect of the CM intervention on MOs during child health visits.
RESULTS
The 2 experimental groups (CM and control) were comparable at baseline on all demographic and health care system utilization characteristics in Table 1 . The CM intervention was associated with a trend toward a lower rate of MOs (47.7% vs 53.3%; P=.07) ( Table 2) . Comparing the MO rates between the control and CM group across independent variable categories, the control group had MO rates higher by approximately 5 to 6 percentage points in almost every category (range, 3.4-9.3 percentage points). For within-intervention group comparisons, MOs were (1) more frequent for visits at private physicians' offices and health maintenance organization offices than for visits at public clinics (PϽ.001); (2) less frequent for children of women who smoked (P=.004); (3) more frequent for children who had been breast-fed (P=.001); and (4) more frequent for visits occurring from 6 to 12 months of age than 0 to 6 months of age (PϽ.001). There was a trend for lower MO rates among those continuously receiving Medicaid insurance vs the other insurance groups. There was no significant within-group relationship between MOs and maternal education or months of insurance coverage. For the control group, greater knowledge of the immunization schedule was significantly associated with a higher rate of MOs (PϽ.01). For children in the CM group, greater knowledge of immunization contraindications was associated with a lower MO rate (PϽ.01).
Missed opportunities were much more common at sick visits than well visits (PϽ.001) ( Table 3) . For the control group only, MOs were more frequent when the chart lacked an immunization record (PϽ.05). Within the control group, the rate of MOs was similar for visits of children with and without a history of cancelled appointments. However, within the CM group, MO rates were lower by 14.4 percentage points for children with a history of cancelled appointments compared with those with no history of cancelled appointments (PϽ.01). In both the control and CM groups, MOs tended to be more common during visits of children who reported having had more than 1 provider during the year (P=.09). Missed
SUBJECTS AND METHODS

SAMPLE
We enrolled a representative sample of 419 African American infants born into a 10-ZIP code area in inner-city Los Angeles, Calif, during a 3-month period (February through early May) in 1994 (more detail on the sample selection process is available elsewhere 24, 25 ). They were randomly assigned at entry into a CM or a control group, and they received follow-up for more than 1 year. We successfully followed up and interviewed 185 members of the intervention group and 180 members of the control group. During the interview, we asked them to identify all providers the child had seen in the first year of life. We were able to obtain and abstract the complete medical records from all reported providers for 255 children (70%)-129 intervention children and 126 control children. We compared the 255 families and children used in this analysis with the 110 for whom we did not have complete provider records. They were comparable on all demographic and health utilization characteristics except for health insurance (10% of the abstracted group vs 5.4% of others had private insurance), knowledge of contraindications scale (P=.005), and history of being breast-fed (P=.02). These factors are controlled for when the main effect of group (intervention effect) on MOs is compared in the multivariate analysis.
INTERVENTION
Both groups were given health passports produced by the State of California, which contain information on the recommended visits for preventive health care and the childhood immunization schedule approved by the Centers for Disease Control and Prevention (CDC). 26 Case managers conducted an in-depth assessment in the home of the client generally by 6 weeks of age. Subsequent visits were scheduled for 2 weeks before the next preventive health visit when immunizations were due. Case managers also followed up with clients by telephone and mail after scheduled appointments. The mean (±SD) numbers of contacts of case managers with clients were 4.0±1.9 for home visits, 7.5±3.9 for telephone contacts, and 4.4±2.5 for mailings.
At each visit, the case manager documented that the client understood which immunizations were due at the next visit, and had a preventive health visit appointment at the appropriate interval. If barriers to care were expressed, the case manager helped the mother overcome them. The case managers specifically sought to assure parents that it was safe to give immunizations if the child had a cold, mild ear infection, or other mild illness. The case manager also encouraged the mothers to be proactive and request immunizations from their providers.
DATA COLLECTION
At the end of the intervention, we interviewed the mothers and collected demographic information (eg, family structure, birth order, maternal education, maternal smoking history), information on health care system utilization (type of health insurance, months of health insurance in the child's first year of life, and type of regular provider), and parental knowledge of the immunization schedule (2-item scale) and of contraindications to vaccination (3-item scale). Each provider's chart was coded for the presence or absence of a separate immunization record. For children with multiple providers, visits were merged. For each visit, the following Continued on next page opportunities were more common at visits with any of the illness diagnoses recorded compared with visits with no illness diagnosis recorded. With the exception of pharyngitis, MO rates at visits with illness diagnoses were similar between the control and MO groups. The total number of visits in the illness categories exceeds 1092 because multiple diagnoses were recorded at some visits.
The logistic regression model is presented in Table 4 . The model explains more than one third of the variance in the occurrence of MOs (pseudo R 2 =0.37). After adjusting for the other covariates, neither the intervention group nor parental knowledge variables had significant predictive effect on the likelihood of an MO occurring. Provider, visit, and child/family characteristics were significantly associated with the likelihood of an MO occurring. Missed opportunities were more likely at visits (1) by children 7 to 12 months of age (vs 0 to 6 months of age); (2) by children with older mothers; (3) by children who were breast-fed as infants; (4) by children with more continuous health insurance coverage; (5) in private physicians' offices or health maintenance organizations (vs public clinics); and (6) in physicians' offices that did not maintain separate immunization records. Missed opportunities were less common at visits of children whose mothers smoked cigarettes or if the child had a history of cancelled appointments.
Characteristics of the visit itself were strongly associated with the likelihood of an MO. Missed opportunities were much less likely to occur at preventive health visits than illness visits, even after adjusting for the presence of 1 or more illness diagnoses. Missed opportunities were more likely to occur when illness diagnoses of otitis media or "other" were listed. The illness diagnoses of pharyngitis, diarrhea, and cold were not independently associated with MOs and fell out of the model.
COMMENT
Our study is one of the first to examine predictors of MOs taking into account detailed parent/child characteristics from a parent interview as well as provider/visit characteristics derived from chart abstractions. We found that parent-directed education and CM with an emphasis on immunizations and preventive health visits, after adjustment for other factors, did not reduce MOs during child health visits. While the intervention did not have the desired effect, our study does provide important new information on issues relating to MOs to vaccinate in young, inner-city children. At approximately 50% of the 1092 visits we analyzed, immunization opportunities were missed. This is particularly disturbing given that almost half of these children were behind in their immunizations at 1 year of age. Moreover, this inner-city area was a focus of the information was abstracted: whether it was a preventive health or an illness visit, date of visit, all diagnoses recorded, temperature if recorded, and immunizations administered.
DEFINITION OF MO
As defined by the CDC, an MO occurs at a visit at which "immunizations were due but not given and no contraindications were present." 27 According to the CDC definition, a contraindication to vaccination can be justified on the basis of either (1) a vaccine-specific contraindication (eg, temperature higher than 40.6°C with a previous diphtheria, tetanus, and pertussis vaccination or allergy to eggs for measles, mumps, and rubella vaccination) or (2) "the child being too sick to be immunized at that visit." No vaccine-specific contraindications were recorded during the 1092 visits in this sample at which immunizations were due. To assess whether the diagnoses recorded provided evidence that the child was "too sick to immunize," each diagnosis was reviewed and rated by a panel of 3 pediatricians. The interrater reliability () for the pediatrician ratings was 93%. In cases where the raters did not agree, the majority rating was assigned. The following diagnoses were deemed sufficient to conclude that the child was too sick to immunize: acute chickenpox, acute croup, pneumonia, possible pneumonia, meningitis, viral meningitis, possible bacteremia, sepsis, and possible sepsis. In addition, the pediatric panel agreed that a recorded temperature of 38.3°C or greater should qualify as a valid contraindication under the "too sick to immunize" clause. By combining the data on dates of visits, dates of immunizations, and contraindications, we could determine for each visit which, if any, immunizations were due and whether an MO occurred.
DATA ANALYSIS
In the abstracted records, a total of 1938 visits were documented in the providers' charts for the study children as having occurred through the first 12 months of life. Of the 1938 recorded visits, 846 were eliminated from the analysis because immunizations had not been due or contraindications to vaccination had been present (eg, temperature Ͼ38.3°C or a diagnosis that indicated the child was too sick to immunize). The remaining 1092 visits were assigned the family, child, provider/chart, or visit characteristics with which they were associated. Statistically significant bivariate associations between independent variables (health visit, child/family, and provider/chart characteristics) and the dependent variable (the occurrence of an MO) were tested within each intervention group. We tested the association between the rate of MOs and continuous independent variables by means of the test of significance for correlation coefficients. For categorical independent variables, we tested the association with the occurrence of an MO by means of the 2 statistic. All bivariate associations with PϽ.10 were included in a visit-based logistic regression model predicting visits with MOs vs visits with no MOs (all immunizations due were given). To achieve a more parsimonious model, we used a stepwise, backward elimination approach to remove nonsignificant variables. To test the hypotheses central to this analysis, we forced the CM and immunization knowledge variables into the model regardless of their level of significance. Furthermore, child health insurance and history of breast-feeding were also included in the model to adjust for potential biases in the sample selection. We adjusted for the clustering of visits within provider by means of a Huber logistic regression model. 28 ARCH PEDIATR ADOLESC MED/ VOL 152, MAR 1998 1989 to 1990 measles epidemic, which resulted in considerable media attention and additional immunization outreach efforts targeted at parents and providers in our study area. Despite this context, the MOs at child health visits remained high, consistent with MO rates in other studies. 2, 3, 7, 8 Low immunization rates have been attributed, in large part, to MOs. However, quantifying the impact of MOs on immunization completion rates is not straightforward. The relationship is complicated by the number and timing of health visits in relation to the immunization schedule. As we described elsewhere, 24 while this CM did not lower the rate of MOs, it did raise immunization completion rates by 13.2 percentage points. Some of the children who received CM failed to receive more than 3 well-child visits in the first year. Nonetheless, this intervention subgroup experienced a remarkable 28 percentage point rise in immunization completion (from 30% up to date in the control group to 58% up to date in the CM group). In this same group (for whom we have physician records), the CM intervention only modestly reduced the frequency of MOs. Our interpretation of these findings is that, for children with few well-child visits, MOs may have a much greater negative effect on immunization completion than for children with ample numbers of visits to physicians. While the latter children may even experience more MOs, additional visits can overcome the effect of MOs and allow them to meet the immunization completion milestones. For children with few visits, 1 MO may be adequate to cause them to fail to meet the immunization up-to-date milestone.
The most powerful predictor of an MO is the visit type; MOs were much more common at acute illness visits than at preventive health visits. These findings are consistent with previous research showing that MOs are, in large part, caused by the provider misconception that minor illnesses are contraindications to vaccination. 8, 9, 29, 30 In our model, the illness visit had a strong independent association with MOs even after accounting for the effect of the illness diagnoses listed. A possible explanation for these findings may be that most physician offices reserve well-child visits for the labor-intensive task of administering immunizations and do not give immunizations at sick visits regardless of the degree or nature of the illness.
We also found that private providers and health maintenance organization providers were more likely to miss opportunities to vaccinate than were public health providers. A number of factors may explain this finding. First, private providers in inner-city areas may concentrate more on illness care than preventive care, which is more time consuming and less well reimbursed. 31 Second, private and health maintenance organization providers saw their patients more frequently than the public providers in this sample of patients, which may have led them to be more relaxed about delaying immunizations to future well-child visits, thereby missing opportunities to vaccinate. The CDC Standards for Pediatric Immunization Practice, published in 1993, strongly promote screening for and administering immunizations at both sick and well visits. 27 The standards also clearly delineate the true contraindications for each vaccine, which are rare. 26 Despite having been published more than 2 years before our study, the standards were not widely adopted by the providers serving children in inner-city Los Angeles. The CDC immunization standards need to be disseminated more widely, especially in high-risk, poor areas where immunization levels are low. In addition, for high-risk areas, public health departments should identify physicians for education, audits of their records, and constructive feedback on their performance. [32] [33] [34] A number of child and family characteristics in our model were associated with either a greater or lower likelihood of MOs occurring. Lower rates of MOs (ie, higher compliance by physicians) were associated with the negative characteristics of maternal smoking and a history of broken appointments. Higher rates of MOs (ie, lower compliance by physicians) were associated with the relatively positive characteristics of insurance continuity and history of breast-feeding. We hypothesize that these family characteristics are perceived by providers as indicators of risk and that providers adjust their immunization decision making in response to these perceptions. That is, provider perceptions of increased risk may prompt more aggressive ordering of immunizations, hence the lower MO rate in children of smoking mothers. For children and families perceived to be at low risk, the provider may be more willing to defer immunizations, confident that the child will return for immunizations at a later well-child visit.
The limitations of this study should be appreciated. First, we were able to obtain and abstract the complete records from all reported providers for 255 children, which is 69.7% of the 366 successfully followed up in the randomized controlled trial. However, it represents only 61% of the 419 children originally enrolled in the trial. We compared important demographic characteristics between both the 419 originally enrolled and 366 followed up in the randomized controlled trial with the 255 families/children used in this analysis; they were comparable on all demographic and health utilization characteristics except for health insurance, knowledge of contraindications scale, and history of being breast-fed. These factors are controlled for in the multivariate analysis. However, the possibility that attrition of 39% of the sample from our analyses may have biased our results cannot be completely ruled out. Second, while we were largely successful at abstracting records from all providers reported by the parents, the potential for bias resulting from inadequate provider record keeping remains. Because we were equally successful at *Odds ratios for continuous variables can be interpreted as the odds of being up-to-date associated with a 1-point increase in the continuous variable. The odds associated with a multiunit increase in a variable or scale is calculated by taking the odds ratio to the nth power, with n being the number of unit changes in the variable. For example, the odds of an MO occurring at a visit for a child with a mother who is 30 years old vs a child with a mother who is 20 years old is 1.05 (30−20) =1.05 (10) =1.63.
